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In order to determine whether pemphigoid antigen is 
synthesized by epidermal cells, and whether other, nor-
mal keratinocyte, antigens are synthesized in culture, 
primary cultures and subsequent subcultures of human 
epidermal cells derived from neonatal foreskins were 
studied for the presence of pemphigoid antigen, pemphi-
gus antigen and keratin filaments using indirect immu-
nofluorescence- Twenty-four hr after plating primary 
cultures, pemphigoid antigen was detected as an asym-
metric fluorescence on the cell membranes of rounded 
cells or a faint fluorescence of the cytoplasm of cells 
which had spread on the substrate. At later times in 
primary cultures and in subcultures pemphigoid antigen 
showed a pattern of coarsely granular fluorescence 
within or under the cytoplasm of many of the small cells 
at both the base and expanding periphery of epidermal 
cell colonies. Pemphigus antigen was detected mainly on 
the cell membranes of the larger flat cells located more 
superficially in the colonies. Keratin filaments were de-
tected in cells at all levels of the epidermal colonies. 
Rounded cells, which had not yet spread on the sub-
strate, displayed bright perinuclear fluorescence with 
keratin antibody. In cells spread on the substrate, kera-
tin filaments often appeared to line up end-to-end with 
filaments of neighboring cells. No qualitative changes in 
fluorescence of any of these antigens could be detected 
through 6 subcultures. Human fibroblasts in culture did 
not display any of these three antigens by immunofluo-
rescence. The finding that cultured human epidermal 
cells displayed these antigens with the same pattern and 
intensity through 6 passages indicates that pemphigoid 
antigen, as well as pemphigus antigen and keratin, were 
newly synthesized in culture. 
The development of methods for the cultivation of specialized 
cells has become a major goal in cell biology. Such methodology 
is critical to facilitate studies at the molecular level as well as 
to characterize normal cellular interactions and pharmacologic 
responses. An understanding of these normal functions is a 
prerequisite for gaining insight into the changes in disease 
states. 
Our laboratories have been developing methodology for the 
cultivation of human epidermis and its long-term growth in 
Manuscript received December 4, 1979; accepted fm publication 
January 23, 1980. 
Dr. Stanley is an Inter-governmental Personal Act (IPA) visiting 
scientist at the National Cancer Institute from the Department of 
Dermatology, New York University Medical Center, New York, NY. 
Reprint requests to: Dr. John R. Stanley, Building 10, Room 12N238, 
National Cancer Institute, Bethesda, Maryland 20205. 
Abbreviations: 
BP: bullous pemphigoid 
PV: pemphigus vulgaris 
vitro. The previous report [1] defines a culture system for the 
growth and passage of differentiating human epidermal cells in 
dispersed cell culture. Epidermal cells obtained from epidermal 
sheets of trypsinized neonatal foreskin were cultured on sub-
strates of collagen prepared by acid extraction of rat tail ten-
dons. Cells were cultured at 36.5° in Medium 199 supplemented 
with 7 to 10% fetal calf serum, with a calcium concentration in 
the fmal medium of 0.4 mM and a pH of 7.0. Under these 
optimal conditions neonatal foreskin epidermal cells can be 
maintained in culture for several months and will undergo a 
number of subcultures and population doublings while main-
taining normal epithelial morphology. However, morphologic 
endpoints can be misleading in cell culture and are at best 
rather subjective. The functional integrity of such cells is there-
fore better measured by more objective criteria. Epidermal cells 
in vivo are known to produce several specific antigens. Pem-
phigus antigen is a normal epidermal cell swface antigen [2]. 
Keratin, the major differentiation product of epidermis, is 
known to exist as intracellular filaments in situ. The presence 
of these normal epidermal antigens in sequentially cultured 
epidermal cells would constitute strong evidence for their syn-
thesis and thus indicate the functional integrity of these cells. 
In addition, p'emphigoid antigen is a normal basement mem-
brane zone antigen of stratified squamous epithelium [3]. Its 
presence through sequential subcultures of epidermal cells 
would indicate that it too is synthesized by epidermal cells. 
This report describes the results of studies designed to deter-
mine whether these antigens can be identified in cultured 
epidermal cells. 
MATERIALS AND METHODS 
Cell Culture 
Human epidermal cells from neonatal foreskins were cultured and 
subcultured under optimized conditions on collagen-coated 22 mm2 
glass cover slips as described by Hawley-Nelson et al [1]. At each 
passage the cells were diluted 1:3. Fibroblasts were cultured from the 
dermis of these foreskins on 22 mm2 glass cover slips [I]. 
Antisera 
Sera from 3 patients with bullous pemphigoid (BP) were used to 
identify pemphigoid antigen in culture. BP sera contain antibodies to 
an antigen in the basement membrane zone of normal skin as deter-
mined by indii'ect immunofluorescence [3]. These 3 BP sera had anti-
body titers of greater than 1:20 on cyrostat sections of normal human 
skin and showed a typical basement membrane zone pattern. 
Sera from 3 patients with pemphigus vulgaris (PV) we.re used to 
identify pemphigus antigen in culture. PV sera contain antibodies to an 
antigen on the cell surface of normal epidermal cells [2]. These 3 sera 
had titers of greater than 1:40 on cryostat sections of normal human 
skin and showed a typical cell surface pattern of fluorescence. 
Six normal human sera were used as negative controls. 
Two antisera, designated anti-K 1 and anti-K2, were prepared in 
rabbits against mouse keratin proteins K, and K2 respectively [4], and 
were used to identify keratin filan1ents in cultured cells. Previously 
these antisera were shown to cross-react with human keratin proteins 
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[ 4]. In order to check the specificity of these antisera, absorption 
studies, in which anti-K1 and anti-K2 were each absorbed with mouse 
keratin, were performed. One ml of anti-K1, was absorbed 3 times with 
a total of 590 JJ.g of K1 and 400 JJ.g of K2, and one ml of anti-K2 was 
absorbed 3 times with 260 J.lg of K1 and 400 J.lg of K, . Each incubation 
of protein and serum was performed at 37° for 1 hr following which the 
serum was centrifuged at 2000 Xg for 10 min. Five normal rabbit sera, 
including a preimmune serum, were also tested a nd served as negative 
controls. 
Immunofluorescence 
Indirect immunofluorescence was performed on cell cultures by a 
procedure which has been described in detail [5]. In brief, cover slips 
were fixed in acetone at -20°. In order to reduce nonspecific fluores-
cence: (1) 4% bovine serum albumin in 0.02 M phosphate buffered saline 
was used to dilute all sera and to wash the cells after the sera were 
applied, and (2) the fixed cells were incubated initially for 30 mins with 
a normal goat serum at a dilution of 1:5. The second serum applied was 
BP, PV, normal human serum, rabbit antiserum to keratin, anti-K1 or 
anti-K2 (unabsorbed or absorbed), or normal rabbit serum. The human 
sera were diluted 1:5 or 1:10; the rabbit sera were diluted 1:20 or 1:40. 
A tluorescein-isothiocyanate-conjugated goat anti-human IgG or goat 
anti-rabbit IgG antibody (Cappel Laboratories, Cochranville, PA) di-
luted 1:40 was then applied. The cells were viewed with a Leitz Ortho 
II epi-illuminated fluorescent microscope. 
RESULTS 
Pemphigoid Antigen 
Pemphigoid antigen was detected by immunofluorescence as 
a coarsely granular fluorescence which appeared to be within 
or under the cytoplasm of small cells on the bottom of the 
stratifying keratinocyte colony or at its expanding edge (Fig 1). 
In some of these cells this antigen was seen as a perinuclear 
bright fluorescence extending out from a dark nucleus but not 
reaching the edges of the cell. The antigen was detected in 
many but not all areas of the colonies. These patterns of 
fluorescence suggested that the pemphigoid antigen was local-
ized to the undersurface of these cells (at the site of substrate 
attachment), or in the cytoplasm of the cells. Larger flat cells, 
with low nuclear to cytoplasmic ratios, located more superfi-
cially in the colonies did not demonstrate this antigen. These 
cells represent the more differentiated elements of the epider-
mis. Pemphigoid antigen was detected in primary cultures after 
one week in vitro as well as in 2nd, 4th, and 6th passage cultures. 
No changes in the pattern or intensity of fluorescence could be 
detected between primary cultures at 1 week and later passage 
cells. In primary cultures at 24 hr after plating, pemphigoid 
antigen could be seen on some rounded cells as a unilateral 
FIG 1. Indirect immunofluorescence of pemphigoid antigen in hu-
man epidermal cell culture. Sixth passage culture shows granular fluo-
rescence delineating the cytoplasm of the small cells at the expanding 
edge of the colony (X 400). 
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irregular fluorescent spot or line, as previously described [5]. In 
cells which had started to spread by 24 hr, this unilateral 
fluorescence had faded or disappeared and a diffuse faint fluo-
rescence of the cytoplasm had appeared. This faint fluorescence 
increased significantly and became coarsely granular by one 
week in culture. Normal human sera failed to bind to these 
cells. 
Pemphigus Antigen 
Pemphigus antigen was detected as a patchy fluorescence of 
the membranes of the epidermal cells with accentuation where 
two or more cell membranes came together. This sometimes 
resulted in an outlining of adjoining cells (Fig 2). In contrast to 
the distribution of pemphigoid antigen, the larger flat cells 
higher in the colonies showed brighter fluorescence than the 
cells at the base or periphery of the colonies. These latter cell 
membranes often did not fluoresce at all. Pemphigus antigen 
was detected in primary culture at 24 h.r (where clumps of cells, 
which had not yet spread, displayed the antigen) and at 1 week 
as well as in 2nd, 4th and 6th passage cultures, without change 
in pattern or intensity. 
FrG 2. Indirect immunofluorescence of pemphigus antigen on hu-
man epidermal ce lls. Patchy membrane fluorescence is best seen in the 
larger flat cells located most superficially in the stratified epidermal 
colonies. Most prominent fluorescence delineates areas of cell-cell 
contact. Primary culture at 1 week (X 400). 
FIG 3. Immunofluorescent staining of keratin ftlaments in cultuxed 
, human epidermal cells. Keratin ftlaments are seen both in the large fl at 
cells high in the colony and the small cells lower in the colony. Primary 
culture at 1 week (X 400). 
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Keratin Filaments 
Antisera to keratin demonstrated that cultw·ed human ker-
atinocytes contained fllaments throughout the cytoplasm of all 
the cells. Both the large flat cells higher up in the colony (Fig 
3) and the small cells on the substrate, at the bottom of the 
colony and at its expanding edge (Fig 4), showed prominent 
keratin filaments. Anti-K 1 and anti-K2 sera gave identical fluo-
rescent patterns. Often, if cells were in close contact, fllaments 
from one cell lined up with ftlaments from another. Cells in 
primary culture, as well as in second, fourth and sixth passage, 
demonstrated these filaments equally well. In primary culture 
24 hr after plating, when many cells were still rounded or just 
starting to spread, a perinuclear accentuation of the fluorescent 
pattern (Fig 5) was observed. Normal rabbit sera and rabbit 
antisera to keratin absorbed with keratin proteins did not bind 
to the cells. 
Fibroblasts 
To determine whether the immunofluorescent detection of 
pemphigoid and pemphigus antigens and keratin filaments was 
specific for epidermal cells, dermal fibroblasts in primary cul-
ture for 1 week were studied with the antisera under conditions 
described for the epidermal cells. Fibroblasts did not display 
any of these antigens. The results of all of the foregoing studies 
are summarized in the Table. 
DISCUSSION 
These studies demonstrate the presence of a normal base-
ment membrane zone antigen as well as normal epidermal 
FIG 4. Keratin filaments in cultured human epidermal cells. Fila-
ments line up between neighboring cells. Sixth passage (X 400). 
FIG 5. Keratin in human epidermal cells 24 hr after primary plating. 
There is bright perinuclear fluorescence in the rounded cells (X 260). 
Summary of indirect immunofluorescence assays" 
Antiserum 
Bullous pemphigoidd 
Pemphigus" 
Normal human serum' 
Anti-K, KeratinR 
Anti-K2 KeratinR 
Anti-K 1 Keratin-absorbed" 
Anti-K2 Keratin-absorbed" 
Normal rabbit serum' 
Human 
keratinocytes• 
+ 
+ 
+ 
+ 
Human dermal 
fibroblasts' 
ND 
" + indicates that a specific reproducible pattern of fluorescence was 
detected. - indicates no fluorescence. 
b Primary cultures after 24 lu: and 1 week, and 2nd, 4th and 6th 
passage cultures. 
' Primary cultures after 1 week. 
d Three sera were used. 
" Three sera were used. 
r Six sera were used. 
If Antisera were made in rabbits to either of two mouse keratin 
proteins, K, or K2 [4). 
" Anti-K, and anti-K2 keratin antisera were each absorbed with 
keratin proteins before use in the immunofluorescence assay. 
1 Five sera were used. 
i ND indicates not done. 
antigens in human epidermal cells cultured through 6 passages 
in vitro. The results suggest that epidermal cell function is 
maintained during this culture period, that pemphigoid antigen 
is synthesized by epidermal cells, and that epidermal-specific 
proteins are synthesized. These conclusions are based on the 
fmdings that cells have pemphigoid and pemphigus antigens as 
well as keratin filaments in primary culture and subsequent 
subcultures without change in pattern or intensity. 
Pemphigoid antigen was detected in or under the basal cells 
on the bottom and at the edges of the colonies. Because this 
antigen is present in the same pattern and intensity through 
several subcultures it is likely that it is synthesized by the basal 
cells. Residual antigen would be diluted at least 700 times by 
the 6th subculture. In addition, the pattern of residual and 
newly synthesized pemphigoid antigen is different. Residual 
pemphigoid antigen on trypsinized epidermal cells has been 
shown to have a pattern of asymmetric irregular membrane 
fluorescence on one side of the cell [5]. In the present study 
this pattern was seen on rounded cells which had not spread on 
the substrate in primary culture at 24 hr. However in cells 
which had spread at 24 hr this asymmetric fluorescence disap-
peared or faded and a very faint symmetric fluorescence ap-
peared in the cytoplasm of the cell. By 1 week in primary 
culture and in subsequent subcultures (all examined at least 6 
days after plating) a striking granular symmetric fluorescence 
had developed, suggesting newly synthesized antigen. Although 
we detected pemphigoid antigen associated with basal cells in 
most areas of the epidermal cell colonies, in some areas we 
could not detect it associated with cells on the substrate. This 
could be because it was absent or because the antibody was 
unable to penetrate through several cell layers (and mem-
branes) to react with the antigen. 
The presence of pemphigoid antigen in monolayer cultures 
of mouse cells has been demonstrated by indirect immunofluo-
rescence [6]. In contrast to our fmdings with human cells, only 
a small number of cells bound antibody, single cells rather than 
cells in colonies displayed antigen, and the pattern of fluores-
cence was a finely granular staining of the cell surface. 
Pemphigus antigen has been noted by immunofluorescence 
in human [7] and monkey [8] skin in organ culture, and in 
primary cultures of mouse keratinocytes [6,9]. A pattern of 
membrane fluorescence has been noted in these studies. In the 
present study a sin1ilar pattern was found in human keratino-
cytes in cell (as opposed to organ) culture. In addition, the 
antigen was found in the same pattern through 6 subcultures. 
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The antigen was especially prominent on the more differen-
tiated cells found superficially in the stratified colonies, and the 
basal cells showed minimal or no fluorescence . Similarly, pem-
phigus antigen is more prominent in the nonbasallayers of the 
epidermis of skin sections examined by indirect immunofluo-
rescence. 
The presence of keratin filaments in human epidermal cells in 
culture has been previously demonstrated by immunofluores-
cent and biochemical techniques (10-13]. The pattern of keratin 
filaments described in the present report, particularly the cell-
to-cell correspondence of filaments and the perinuclear accen-
tuation in rounded cells, confrrms findings described previously 
in cultured human (10] and mouse [14] epidermal cells. A 
similar filamentous pattern has been described in other cultured 
epithelial cells using antikeratin antisera [15,16] and may rep-
resent an important element of the epithelial cytoskeleton. By 
immunofluorescence studies, keratin is absent from human 
fibroblasts and has been shown to be absent from other mes-
enchymal cell types as well as melanocytes, and nerve cells 
[16]. Thus, keratin proteins may not be generally present in all 
cell types, at least within the limits of immunofluorescent 
detection, and these proteins may serve as a marker of the 
epithelial origin of cells in culture. The development of more 
sensitive and quantitative assay techniques, such as a keratin 
radio-immunoassay [17], will be required to fully establish 
keratin as a marker of epithelial derivation of cells. 
The detection of these normal epidermal antigens in culture 
provides evidence for the functional integrity of epidermal cells 
cultured by the methods described [1]. This culture system is 
thus suitable for detecting alterations in these normal antigens 
which may exist when the cells are subjected to various manip-
ulations of experimental interest such as exposure to chemical 
carcinogens, tumor promotors or other pharmacologic agents. 
In addition this culture system is suitable for studying the 
biochemical nature and pathophysiologic significance of the 
pemphigoid and pemphigus antigens. Finally, these immunoflu-
orescent techniques should prove useful for characterizing epi-
dermal cell lines to confrrm their epidermal origin and to 
determine whether their ability to produce some or all of the 
antigens is still intact. 
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